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SOLID-STATE IMAGE -PICKUP DEVICE AND ITS DRIVING METHOD 



BACKGROUND OF THE INVENTION 

The present invention relates to a solid-state 
image-pickup device including a plurality of transfer 
registers provided for an array of sensors and a method 
of driving the device. 

Fig. 14 is a diagram showing a top view of a 
related art 1-line linear sensor in a simple and plain 
manner . 

As shown in the figure, the related art linear 
sensor 50 comprises a sensor array 52, first and second 
CCD horizontal transfer registers 53 and 54, and a 
horizontal -horizontal transfer register 55. The sensor 
array 52 is a plurality of light receiving units 51, or a 
one-dimensional array of so-called sensor units 51 or 
opto-electrical conversion units 51. The light receiving 
units 51 each serve as a pixel. 

Transfers of data in the horizontal CCD transfer 
registers 53 and 54 are 2 -phase driven. To be more 
specific, horizontal drive pulse signals 01 and 02 are 
applied thereto. 

In addition, a transfer pulse signal 0HH is 
applied to the horizontal -horizontal transfer register 55. 

A signal charge of an even pixel of a sensor unit 

1 



51 and a signal charge of an odd pixel of a sensor unit 
51 are read out by read-out gates 56e and 56o, 
respectively which are controlled separately. 

To be more specific, a read-out pulse signal 0 re 
is applied to the read- out gate 56e for an even pixel 
while a read-out pulse signal 0 ro is applied to the read- 
out gate 56o for an odd pixel. 

Typical transfer timings in this configuration are 
shown in Fig. 15. 

First of all, when the read-out pulse signal 0re 
is raised to a high level with the horizontal driving 
pulse signal 0hl set at the high level, the read-out gate 
56e is opened to let a signal charge of an even pixel be 
transferred to the first horizontal CCD transfer register 
53 . 

Next, when the horizontal driving pulse signal 0hl 
is set at a low level with the transfer pulse signal 0HH 
raised at the high level, the signal charge of the even 
pixel is transferred from the first horizontal CCD 
transfer register 53 to the horizontal -horizontal 
transfer register 55. 

Then, when the read- out pulse signal 0 ro and the 
horizontal driving pulse signal 0h2 are raised to the 
high level at the same time, the read-out gate 56o is 
opened to let a signal charge of an odd pixel be 
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transferred to the first horizontal CCD transfer register 
53 . 

At that time, since the transfer pulse signal 0HH 
is further set at the low level while the horizontal 
driving pulse signal 0h2 is raised to the high level 
simultaneously, the signal charge of the even pixel 
existing in the horizontal -horizontal transfer register 
55 is transferred to a transfer unit of the second 
horizontal CCD transfer register 54, to which pulse 
signal 0h2 is delivered. 

Thereafter, normal transfers or horizontal CCD 
transfers are carried out by the first and second 
horizontal CCD transfer registers 53 and 54 by raising 
the 2 -phase pulse signal, namely, the horizontal driving 
pulse signals 0hl and 0h2, to a high level alternately 
to output the signal charges as a signal. 

As described above, pixel signals stored in the 
sensor units 51 of the sensor array 52 are transferred by 
distributing the signals to a plurality of transfer units 
in the first and second horizontal CCD transfer registers 
53 and 54. As a consequence, in order for the sensor 
array 52 to allocate the pixel signals to the transfer 
units, as many read-out gates 56e and 56o and as many 
read-out pulse signals 0re and 0ro as transfer units of 
the first and second horizontal CCD transfer registers 53 
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and 54 are normally required. 

In such the configuration of the linear sensor 50, 
however, timings of the read-out pulse signals 0 re and 4> 
ro for reading out signal charges of even and odd pixels 
respectively are different. As a result, the time 
difference At between the reading-out timings results in 
a difference At in accumulation period between the signal 
charges . 

In turn, the difference At in accumulation period 
causes, among others, sensitivity varying from pixel to 
pixel and a deviation in signal - charge fetching between 
pixels . 

In addition, since the read-out gates 56e and 56o 
are provided separately for the even and odd pixels 
respectively, the configuration of the read-out gates 56e 
and 56o and the driving pulse signals of the read- out 
gates 56e and 56o become complex. 

SUMMARY OF THE INVENTION 

It is thus an object of the present invention 
addressing the problems described above to provide a 
solid-state image -pickup device capable of producing a 
good signal output by eliminating variations in 
sensitivity from pixel to pixel and a deviation in 
signal -charge fetching between pixels and relates to a 

4 



method of driving the solid-state image-pickup device. 

The solid-state image -pickup device provided by the 
present invention comprises a sensor array comprising a 
plurality of sensors; and a plurality of transfer 
registers for transferring signal charges from said 
sensors of said sensor array, wherein an accumulation 
gate for reading out signal charges from said sensors at 
the same time, accumulating said signal charges and 
allocating said signal charges to said transfer registers 
is provided between said sensor array and said transfer 
registers . 

The method of driving the solid-state image -pickup 
device provided by the present invention having a sensor 
array comprising a plurality of sensors; a plurality of 
transfer registers for transferring signal charges from 
said sensors of said sensor array; and an accumulation 
gate provided between said sensor array and said transfer 
registers, comprises the steps of: reading out signal 
charges from said sensors to said accumulation gate at 
the same time; allocating said signal charges of said 
sensors from said accumulation gate to said transfer 
registers; and driving said transfer registers to output 
said signal charges. 

In the configuration of the solid-state image- 
pickup device provided by the present invention, there is 



provided an accumulation gates for reading out signal 
charges of sensors of a sensor array at the same time and 
for storing the signal charges therein, so that the 
signal charges of the sensors are stored for the same 
accumulation period as being read out at the same time. 
As a result, sensitivities of the sensors of the sensor 
array can be made uniform and a deviation in signal - 
charge fetching can be eliminated. 

According to the method provided by the present 
invention as described above, signal charges of sensors 
of a sensor array are read out at the same time and the 
signal charges are stored in an accumulation gate 
simultaneously, so that the signal charges of the sensors 
are stored for the same accumulation period. As a result, 
sensitivities of the sensors of the sensor array can be 
made uniform and an operation to read out the signal 
charges without deviation can be carried out. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing a top view of 
an embodiment implementing a CCD linear sensor provided 
by the present invention; 

Fig. 2 is a diagram showing typical timings to 
drive the CCD linear sensor shown in Fig. 1 ; 

Fig. 3 is a schematic diagram showing a top view of 
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an embodiment implementing a two -side read- out CCD linear 
sensor; 

Fig. 4 is a schematic diagram showing a top view of 
an embodiment implementing a CCD linear sensor, in which 
four horizontal CCD transfer registers are provided on 
one side of an array of sensors; 

Fig. 5 is a schematic diagram showing a top view of 
another embodiment implementing a 3 -line CCD linear 
sensor provided by the present invention; 

Figs. 6A to 6L are explanatory diagrams each 
showing a top view of main elements of the CCD linear 
sensor shown in Fig. 5 in a state of transferring signal 
charges in a simple and plain manner; 

Fig. 7 is a timing chart showing typical timings to 
drive the CCD linear sensor shown in Fig. 5; 

Fig. 8A is a cross - sec tional diagram showing main 
elements of a configuration of an embodiment wherein a 
read- out gate and an accumulation gate share a common 
gate electrode; 

Fig. 8B is a diagram showing electric potentials of 
the read-out gate and the accumulation gate shown in Fig. 
8A; 

Fig. 9 is a schematic diagram showing a top view of 
the related art linear sensor; and 

Fig. 10 is a diagram showing typical timings to 
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drive the related art linear sensor shown in Fig. 9. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, preferred embodiments of the present 
invention will be described in detail with reference to 
the accompanying drawings. 

The present invention is a solid-state image-pickup 
device comprising an array of sensors, an accumulation 
gate for reading out signal charges of the sensors and 
for storing the signal charges therein at the same time 
and a plurality of transfer registers, wherein the signal 
charges of the sensors are distributed among a plurality 
of transfer registers. 

The solid-state image-pickup device provided by the 
present invention has a configuration wherein a read-out 
gate is provided between the array of sensors and the 
accumulation gate. 

In addition, in the configuration of the solid- 
state image -pickup device provided by the present 
invention, the accumulation gates each set a difference 
in potential oriented in a direction of transfers of 
signal charges. 

The present invention is a method of driving a 
solid-state image-pickup device by executing the steps 
of: reading out signal charges from sensors of a sensor 
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array and storing the signal charges to an accumulation 
gate at the same time; reading out the signal charges of 
the sensors from the accumulation gate to distribute the 
signal charges among a plurality of transfer registers; 
and driving the transfer registers at the same time to 
output the signal charges of the sensor array from the 
transfer registers. 

Fig. 1 is a schematic diagram showing a top view of 
a CCD linear sensor implemented by an embodiment of the 
present invention. 

To be more specific. Fig. 1 shows a 1-line CCD 
linear sensor. 

As shown in the figure, a CCD linear sensor 1 
comprises a sensor array A, two horizontal CCD transfer 
registers B and C, a horizontal -horizontal transfer 
register D, a read-out gate E and an accumulation gate F. 
The sensor array A is a plurality of light receiving 
units 2, or a one - dimensional array of so-called sensor 
units 2 or opto - electrical conversion units 2. The light 
receiving units 2 each serve as a pixel. 

In the configuration, signal charges of even pixels 
of the sensor units 2 are transferred to the second 
horizontal transfer register C at the lower level. On the 
other hand, signal charges of odd pixels of the sensor 
units 2 are transferred to the first horizontal transfer 
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register B at the higher level. 

A read-out pulse signal 0ROG is applied to the 
read-out gate E and an accumulation pulse signal 0 CHG is 
applied to the accumulation gate F . 

The first and second horizontal CCD transfer 
registers B and C are driven by 2 -phase pulse signals, 
namely, horizontal driving pulse signals 0hl and 0h2. 

In addition, a transfer pulse signal 0HH is 
applied to the horizontal -horizontal transfer register D. 

It should be noted that the configuration of the 
CCD linear sensor 1 includes a potential barrier which is 
provided between the horizontal CCD transfer register B 
and the accumulation gates F, though not shown in the 
figure. In this configuration, when the accumulation 
pulse signal 0 CHG applied to the accumulation gate F and 
the horizontal driving pulse signal 0hl or 0h2 applied 
to the first horizontal CCD register B are both set at a 
low level, a signal charge stored in an accumulation gate 
F can be prevented from flowing into the first horizontal 
CCD transfer register B. 

An implementation of driving timing of the CCD 
linear sensor 1 having the configuration described above 
is shown in Fig. 2. 

As shown in the figure, first of all, at a point of 
time t ir the pulse signals 0ROG, 0 CHG and 0 HH have risen 
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to the high level (ON-state), causing the read-out gate E 
to read out signal charges from the sensors 2 of the 
sensor array A and to the accumulation gate F at the same 
time . 

At that time, the horizontal driving pulse signals 
0hl and 0h2 are both set at the low level. 

Then, at a point of time t 2 , the read-out pulse 
signal 0ROG of the read-out gate E is set at a low level, 
storing the signal charges read out from the sensors 2 
into the accumulation gate F. 

As described earlier, a potential barrier is 
provided between the first horizontal CCD transfer 
register B and the accumulation gate F, preventing the 
signal charges stored in the accumulation gate F from 
flowing into the first horizontal CCD transfer register B 
at this point of time. 

Then, at a point of time t 3 , the accumulation pulse 
signal 0 CHG of the accumulation gate F is set at a low 
level and then the horizontal driving pulse signal 0hl is 
raised to the high level. As a result, signal charges of 
even pixels stored in the accumulation gate F are 
transferred to the first horizontal CCD transfer register 
B. 

Then, at a point of time t 4 , with the transfer 
pulse signal 0 HH raised at a high level, the horizontal 
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driving pulse signal 0hl is set at a low level. As a 
result, the signal charges of the even pixels are 
transferred from the first horizontal CCD transfer 
register B to the horizontal -horizontal transfer register 
D. 

Finally, at a point of time t 5 , the transfer pulse 
signal 0HH of the horizontal -horizontal transfer register 
D is set at a low level while the horizontal driving 
pulse signal 0h2 is raised at a high level. As a result, 
the signal charges of the even pixels are transferred 
from the horizontal -horizontal transfer register D to the 
second horizontal CCD transfer register C at the lower 
level and signal charges of odd pixels stored in the 
accumulation gate F are transferred to the first 
horizontal CCD transfer register B. 

Thereafter, normal horizontal CCD transfer 
registers are carried out by setting the 2 -phase pulse 
signal, namely, the horizontal driving pulse signals 0hl 
and 0h2, alternately to output the signal charges as a 
signal switching from high level to low level. 

With driving timings described above adopted in the 
configuration of the CCD linear sensor 1, signal charges 
of pixels are read out from the sensors 2 of the sensor 
array A with the same timing, being stored into the 
accumulation gate F, so that the accumulation periods of 



the signal charges in the accumulation gate F are equal. 
As a result, there are no longer conventional problems 
such as sensitivity variations from pixel to pixel and 
deviations in signal - charge fetching between pixels. 

In the embodiment shown in Fig. 1, signal charges 
are transferred from the sensor array A of the CCD linear 
sensor 1 to the two horizontal CCD transfer registers B 
and C. It should be noted, however, that three horizontal 
CCD transfer registers can also be employed. In this case, 
3 -phase pulse signals are used to drive the horizontal - 
horizontal transfer register D. In general, as many 
phases as horizontal CCD transfer registers are used for 
horizontal -horizontal driving. By applying driving 
timings of a plurality of phases such as 3 , 4 and so on, 
phases, equal to the number of the transfer resisters, 
the same transfers can be carried out. 

In addition, the driving technique described above 
can also be applied to a configuration wherein signal 
charges of at least two sensor arrays are transferred and 
distributed to a plurality of horizontal transfer 
registers as is the case with a 3-line color linear 
sensor for example. Moreover, the driving technique 
described above can also be applied to a configuration 
wherein transfer registers are provided above and below 
an array of sensors. 
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Fig. 3 is a diagram showing a top view of an 
embodiment implementing the so-called two-side read-out 
CCD linear sensor wherein horizontal CCD transfer 
registers are provided above and below an array of 
sensors in a simple and plain manner. 

In the CCD linear sensor 11 shown in Fig. 3, two of 
the horizontal CCD transfer registers 13 and 14 are 
provided above a sensor array 12. On the other hand, 
horizontal CCD transfer registers 15 and 16 are provided 
below the sensor array 12 . 

Read-out gates 17A and 17B are provided above and 
below the sensor array 12, respectively. 

Between the read-out gate 17A and the horizontal 
CCD register 14 on the inner side, an accumulation gate 
18A is provided. By the same token, between the read-out 
gate 17B and the horizontal CCD register 15, an 
accumulation gate 18B is provided. 

Between the horizontal CCD transfer registers 13 
and 14 above the sensor array 12, a horizontal -horizontal 
transfer register 19A is provided. By the same token, 
between the horizontal CCD transfer registers 15 and 16 
below the sensor array 12, a horizontal -horizontal 
transfer register 19B is provided. 

The read- out gates 17A and 17B, the accumulation 
gates 18A and 18B and the horizontal -horizontal transfer 
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registers 19A and 19B, each provided on the two sides of 
the sensor array 12 are driven by a common read- out pulse 
signal 0ROG, a common accumulation pulse signal tf> CHG and 
a common transfer pulse signal 0 HH , respectively. 

In the CCD linear sensor 11, every set of four 
pixels each serving as the so-called sensor on the sensor 
array 12 are denoted by reference numerals 1, 2, 3 and 4. 
The four pixels 1, 2, 3 and 4 in each set are allocated 
and transferred to the four horizontal CCD transfer 
registers 13, 14, 15 and 16, respectively, two of them 
are provided above the sensor array 12 and the remaining 
two are provided below the sensor array 12 as described 
above . 

To be more specific, a signal charge of the pixel 1 
is transferred to the horizontal CCD transfer register 15 
right below the sensor array 12 and a signal charge of 
the pixel 2 is transferred to the horizontal CCD transfer 
register 14 right above the sensor array 12. On the other 
hand, a signal charge of the pixel 3 is transferred to 
the horizontal CCD transfer register 16 far below the 
sensor array 12 and a signal charge of the pixel 4 is 
transferred to the horizontal CCD transfer register 13 
far above the sensor array 12 . 

Then, by carrying out horizontal driving based on 
2 -phase or 4 -phase, signal charges in the horizontal CCD 



transfer registers 13, 14, 15 and 16 can be output. 

It should be noted that allocation of signal 
charges of pixels 1, 2, 3 and 4 to the horizontal CCD 
transfer registers 13, 14, 15 and 16 is not limited to 
what is described above. Other combinations can also be 
adopted as well. 

It is worth noting that it is also possible to 
design a configuration wherein the read- out gates 17A and 
17B, the accumulation gates 18A and 18B and the 
horizontal -horizontal transfer registers 19A and 19B, 
each provided on the two sides of the sensor array 12 are 
driven by different driving pulse signals, such as read- 
out pulse signals 0ROG, accumulation pulse signals 0 CHG 
and transfer pulse signals 0HH, respectively. 

As shown in Fig. 3, however, by driving the read- 
out gates 17A and 17B, the accumulation gates 18A and 18B 
and the horizontal -horizontal transfer registers 19A and 
19B, each provided on the two sides of the sensor array 
12 by common driving pulse signals, that is, a common 
read-out pulse signal 0ROG, a common accumulation pulse 
signal 0 CHG and a common transfer pulse signal 0 HH 
respectively, signal charges of pixels 1, 2, 3 and 4 can 
be allocated to a plurality of horizontal CCD transfer 
registers, that is, the horizontal CCD transfer registers 
13, 14, 15 and 16, the configuration using common driving 
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pulse signals to drive the read-out gates 17A and 17B, 
the accumulation gates 18A and 18B and the horizontal - 
horizontal transfer registers 19A and 19B is desirable 
since such a configuration makes the structure of the CCD 
linear sensor 11 simple. 

Fig. 4 is a diagram showing a top view of an 
embodiment implementing a one-side read-out CCD linear 
sensor wherein four horizontal CCD transfer registers are 
provided on one side of an array of sensors in a simple 
and plain manner. 

The CCD linear sensor 21 shown in Fig. 4 includes: 
four horizontal CCD transfer registers 23, 24, 25 and 26 
provided on one side (lower side in Fig. 4) of a sensor 
array 22; a read-out gate 27 adjacent to the sensor array 
22 on the lower side thereof; an accumulation gate 28 
between the CCD transfer register 23 and the read-out 
gate 27; and three horizontal -horizontal transfer 
registers 29A, 29B and 29C among the four horizontal CCD 
transfer registers 23, 24, 25 and 26, that is, the 
horizontal -horizontal transfer register 29A between the 
horizontal CCD transfer registers 23 and 24, the 
horizontal -horizontal transfer register 29B between the 
horizontal CCD transfer registers 24 and 25 and the 
horizontal -horizontal transfer register 29C between the 
horizontal CCD transfer registers 25 and 26. 
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A read-out pulse signal 0 ROG is applied to the 
read-out gate 27 and an accumulation pulse signal 0 CHG is 
applied to the accumulation gate 28. 

The three horizontal -horizontal transfer registers 
29A, 29B and 29C are driven by transfer pulse signals 0 
HHA, 0HHB and 0HHC which are different from each other 
to serve as a 3 -phase pulse signal implementing 
horizontal -horizontal transfers of signal charges. 

In the CCD linear sensor 21, every set of four 
pixels of the sensor array 22 are denoted by reference 
numerals 1, 2, 3 and 4. The 4 pixels 1, 2, 3 and 4 in 
each set are allocated and transferred to the four 
horizontal CCD transfer registers 23, 24, 25 and 26, 
respectively . 

To be more specific, the signal charge of the pixel 
1 is transferred to the horizontal CCD transfer register 
23 immediately below the sensor array 22 and the signal 
charge of the pixel 2 is transferred to the horizontal 
CCD transfer register 24 below the horizontal CCD 
transfer register 23. On the other hand, the signal 
charge of the pixel 3 is transferred to the horizontal 
CCD transfer register 25 below the horizontal CCD 
transfer register 24 and the signal charge of the pixel 4 
is transferred to the horizontal CCD transfer register 26 
at the lowest level below the horizontal CCD transfer 
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register 25. 

In addition, allocation of signal charges of pixels 
to a plurality of horizontal CCD transfer registers is 
not limited to the technique using an accumulation gate 
as is the case with the embodiments described above. 
Instead, signal charges of pixels can be allocated to the 
horizontal CCD transfer registers by using horizontal - 
horizontal transfer registers in the same configurations. 

Fig. 5 is a diagram showing a top view of still 
another embodiment of the present invention implementing 
a 3 -line CCD linear sensor in a simple and plain manner. 

As shown in the figure, the CCD linear sensor 31 
includes sensor arrays a, b and c provided sequentially 
and adjacently to each other for typically the R (red) , G 
(green) and B (blue) primary colors; horizontal CCD 
transfer registers d* and e 1 adjacent to the sensor array 
a and respectively used for receiving and transferring 
signal charges of odd and even pixels implemented by 
sensors of the sensor array a; horizontal CCD transfer 
registers f and g' adjacent to the sensor array c and 
respectively used for receiving and transferring signal 
charges of odd and even pixels implemented by sensors of 
the sensor array b; and horizontal CCD transfer registers 
h' and i' adjacent to the horizontal CCD transfer 
register g' and respectively used for receiving and 
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transferring signal charges of odd and even pixels 
implemented by sensors of the sensor array c. 

In addition, the CCD linear sensor 31 implemented 
by this embodiment further has a vertical register v for 
transferring signal charges of pixels of the sensor array 
b located between the sensor arrays a and c to the 
horizontal CCD transfer registers f* and g 1 ; a 
horizontal -horizontal transfer register j ' provided 
between the horizontal CCD transfer registers d' and e 1 ; 
a horizontal -horizontal transfer register k' provided 
between the horizontal CCD transfer registers f' and g'; 
a horizontal -horizontal transfer register 1' provided 
between the horizontal CCD transfer registers g' and h ' ; 
and a horizontal -horizontal transfer register m' provided 
between the horizontal CCD transfer registers h' and i'. 

The horizontal CCD transfer registers d', e', f, 
g', h' and i' are each driven by 2 -phase horizontal 
driving pulse signals 0hl and 0h2 to transfer signal 
charges sequentially in the horizontal direction. 

In addition, the horizontal -horizontal transfer 
register k' is driven by a transfer pulse signal 0HH1, 
the horizontal -horizontal transfer register 1' is driven 
by a transfer pulse signal 0HH2, the horizontal - 
horizontal transfer register m" and the horizontal - 
horizontal transfer register j ■ are driven by a transfer 
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pulse signal 0HH3 to control flows of signal charges 
between the horizontal CCD transfer registers d' , e 1 , f', 
g ' , h' and i ' . 

A read-out gate n" is provided between pixels of 
the sensor array a and the horizontal CCD transfer 
register e' and a read-out gate o' is provided between 
pixels of the sensor array c and the horizontal CCD 
transfer register f'. The read-out gates n" and o' are 
driven by a read-out pulse signal 0ROG to transfer signal 
charges of pixels to the horizontal CCD transfer 
registers e*, d', h' and i'. 

In addition, 2 -phase vertical driving pulse signals 
0V1 and 0V2 are applied to the vertical register v to 
transfer signal charges of odd and even pixels of the 
sensor array b to the horizontal CCD transfer registers 
f ' and g ' . 

Then, much like the embodiments described 
previously, this embodiment has a configuration similar 
to the other embodiments stated before wherein, in 
particular, an accumulation gate p' is provided between 
the transfer gate n' adjacent to pixels of the sensor 
array a and the horizontal CCD transfer register e', and 
an accumulation gate q" is provided between the transfer 
gate o' adjacent to pixels of the sensor array c and the 
horizontal CCD transfer register f. By applying an 
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accumulation pulse signal 0 CHG to the accumulation gates 
p* and q', signal charges transferred from the read-out 
gates n' and o' and the vertical register v are stored 
temporarily in the accumulation gates p' and q'. 

As described above, also in the case of the CCD 
linear sensor 31 implemented by this embodiment, the 
accumulation gates p' and q' are provided as is the case 
with the embodiments explained previously. Thus, signal 
charges read out from sensors serving as pixels of the 
same sensor array at the same time are stored temporarily 
in the accumulation gates p' and q' . As a result, the 
accumulation periods of signal charges of pixels of the 
same sensor array are equal without regard to whether the 
sensor array is the sensor array a, b or c . 

In addition, also in the case of this embodiment, a 
potential barrier is provided between the accumulation 
gate p' and the horizontal CCD transfer register e'. By 
the same token, a potential barrier is provided between 
the accumulation gate q' and the horizontal CCD transfer 
register f ' . 

Furthermore, it is desirable to raise an electric 
potential at a portion on the sensor side in each of the 
horizontal CCD transfer registers d', e', f, g', h' and 
i' to prevent a signal charge from flowing into a sensor 
side . 
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It is desirable to arrange the three sensor arrays 
a, b and c at locations adjacent to each other. It should 
be noted, however, that they do not have to be arranged 
at locations adjacent to each other. For example, the 
sensors arrays a, b and c can be arranged at locations 
separated from each other by two to three lines. 

Next, a concrete driving method of the CCD linear 
sensor 31 is explained. Figs. 6A to 6L are diagrams 
showing top views of principal elements involved in 
sequential transfers of signal charges in a simple and 
plain manner. Fig. 7 shows timing charts of the transfers. 

Figs. 6A to 6L are diagrams showing transfers of 
signal charges stored in the sensor arrays b and c. In 
the figure, a signal charge is expressed by an ellipse. A 
hatched portion represents a portion at a low level or an 
OFF-state. 

First of all, at a point of time t a shown in Fig. 7, 
the pulse signals 0hl, 0h2, 0V1 and 0V2 are set at a 
low level while the pulse signals 0ROG, 0CHG, 0HH1, 0 
HH2 and 0HH3 are raised to a high level. In this state, 
signal charges are transferred from pixels of the sensor 
array c to the accumulation gate q' as shown in Fig. 6A. 

It should be noted that, by raising the read-out 
pulse signal 0ROG to a high level at that time, signal 
charges are transferred from pixels of the sensor array a 
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to the accumulation gate p' as shown in Fig. 5. 

Next, when only the read -out pulse signal 0ROG 
changes from the high level to a low level at a point of 
time t 2 , signal charges left in the read-out gate o' are 
also transferred to the accumulation gate q*. It should 
be noted that, at that time, signal charges left in the 
read-out gate n' shown in Fig. 5 are also transferred to 
the accumulation gate p'. 

Then, at a point of time t 3 , when the horizontal 
driving pulse signal 0hl is set at a low level, the 
horizontal driving pulse signal 0h2 is raised to a high 
level, the vertical driving pulse signal 0V1 is set at a 
low level, the vertical driving pulse signal 0V2 is set 
at a low level, the read-out pulse signal 0ROG is set at 
a low level, the accumulation pulse signal 0 CHG is set at 
a low level and the transfer pulse signals 0HH1, 0HH2 
and 0HH3 are raised to a high level, signal charges of 
odd pixels of the sensor array c are transferred from the 
accumulation gate q' to the horizontal -horizontal 
transfer register k' as shown in Fig. 6B. Since the 
horizontal driving pulse signal 0h2 is at a high level at 
that time, in some cases, signal charges of odd pixels of 
the sensor array c may also exist in the horizontal CCD 
transfer register f*. 

Since the horizontal driving pulse signal 0hl is 
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at a low level and a potential barrier exists between the 
accumulation gate q" and the horizontal CCD transfer 
register f, on the other hand, signal charges of even 
pixels of the sensor array c remain continuously in the 
accumulation gate q', even if the accumulation gate q" is 
set at a low level. 

It should be noted that, by setting the 
accumulation pulse signal 0 CHG at a low level and raising 
the pulse signals 0h2 and 0HH3 to a high level at that 
time, signal charges of odd pixels of the sensor array a 
shown in Fig. 5 are transferred from the accumulation 
gate p' to the horizontal CCD transfer register e'. 

Since a potential barrier exists due to the 
horizontal driving pulse signal 0hl reset at a low level, 
on the other hand, signal charges of even pixels of the 
sensor array a remain continuously in the accumulation 
gate p ' . 

Then, at a point of time t 4 , when the horizontal 
driving pulse signal 0hl is set at a low level, the 
horizontal driving pulse signal 0h2 is set at a low level, 
the vertical driving pulse signal 0V1 is raised to a high 
level, the vertical driving pulse signal 0V2 is set at a 
low level, the read-out pulse signal 0 ROG is set at a low 
level, the accumulation pulse signal 0 CHG is set at a low 
level and the transfer pulse signals 0HH1, 0HH2 and 0HH3 
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are raised to a high level, signal charges of pixels of 
the sensor array b are transferred to an upper stage VI 
of the vertical register v as shown in Fig. 6C. 

It should be noted that, signal charges of odd 
pixels of the sensor array c left in the horizontal CCD 
transfer register f, if any, are transferred to the 
horizontal -horizontal transfer register k' . 

It is also worth noting, that by setting the 
horizontal driving pulse signal 0h2 at a low level at 
that time, signal charges of odd pixels of the sensor 
array a shown in Fig. 5 are transferred from the 
horizontal CCD transfer register e' to the horizontal- 
horizontal transfer register j ' . 

Then, at a point of time t 5 , when the horizontal 
driving pulse signal 0hl is raised to a high level, the 
horizontal driving pulse signal 0h2 is set at a low level, 
the vertical driving pulse signal 0V1 is raised to a high 
level, the vertical driving pulse signal 0V2 is set at a 
low level, the read-out pulse signal 0ROG is set at a low 
level, the accumulation pulse signal 0 CHG is set at a low 
level and the transfer pulse signal 0HH1 is set at a low 
level and the transfer pulse signals 0HH2 and 0HH3 are 
raised to a high level, signal charges of odd pixels of 
the sensor array c are transferred from the horizontal - 
horizontal transfer register k' to the horizontal- 
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horizontal transfer register 1" as shown in Fig. 6D. 
Since the horizontal driving pulse signal 0hl is at a 
high level at that time, in some cases, signal charges of 
odd pixels of the sensor array c may also exist in the 
horizontal CCD transfer register g". 

On the other hand, signal charges of even pixels of 
the sensor array c are transferred from the accumulation 
gate q' to the horizontal CCD transfer register f. 

It should be noted that, since the horizontal 
driving pulse signal 0hl is at a high level at that time, 
signal charges of odd pixels of the sensor array a are 
transferred from the horizontal -horizontal transfer 
register j' to the horizontal CCD transfer register d'. 

In addition, signal charges of even pixels of the 
sensor array a are transferred from the accumulation gate 
p' to the horizontal CCD transfer register e'. 

Then, at a point of time t 6 , when the horizontal 
driving pulse signal 0hl is raised to a high level, the 
horizontal driving pulse signal 0h2 is set at a low level, 
the vertical driving pulse signal 0V1 is set to a low 
level, the vertical driving pulse signal 0V2 is raised to 
a high level, the read-out pulse signal 0 ROG is set at a 
low level, the accumulation pulse signal 0CHG is set at a 
low level and the transfer pulse signals 0HH1, 0HH2 and 
0HH3 are raised to a high level, signal charges of pixels 
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of the sensor array b are transferred from the upper 
stage VI to a lower stage V2 of the vertical register v 
as shown in Fig. 6E. 

Then, at a point of time t 7 , when the horizontal 
driving pulse signal 0hl is set at a low level, the 
horizontal driving pulse signal 0h2 is set at a low level, 
the vertical driving pulse signal 0V1 is set at a low 
level, the vertical driving pulse signal 0V2 is set at a 
low level, the read-out pulse signal 0ROG is set at a low 
level, the accumulation pulse signal 0 CHG is raised to a 
high level and the transfer pulse signals 0HH1, 0HH2 and 
0HH3 are raised to a high level, signal charges of pixels 
of the sensor array b are transferred from the lower 
stage V2 of the vertical register v to the accumulation 
gate q' as shown in Fig. 6F. 

In addition, signal charges of even pixels of the 
sensor array c are transferred from the horizontal CCD 
transfer register f to the horizontal -horizontal 
transfer register k' . 

It should be noted that, signal charges of odd 
pixels of the sensor array c left in the horizontal CCD 
transfer register g', if any, are transferred to the 
horizontal -horizontal transfer register 1". 

It should be noted, that by setting the horizontal 
driving pulse signal 0hl at a low level at that time, 
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signal charges of odd pixels of the sensor array a are 
transferred from the horizontal CCD transfer register d 1 
to the horizontal -horizontal transfer register j 1 . 

In addition, signal charges of even pixels of the 
sensor array a are also transferred from the horizontal 
CCD transfer register e' to the horizontal -horizontal 
transfer register j ' . 

Then, at a point of time t 8 , when the horizontal 
driving pulse signal 0hl is set at a low level, the 
horizontal driving pulse signal 0h2 is raised to a high 
level, the vertical driving pulse signal 0V1 is set at a 
low level, the vertical driving pulse signal 0V2 is set 
at a low level, the read-out pulse signal 0ROG is set at 
a low level, the accumulation pulse signal 0 CHG is set at 
a low level and the transfer pulse signals 0HH1 and 0HH2 
are set at a low level and the transfer pulse signal 0HH3 
are raised to a high level, signal charges of odd pixels 
of the sensor array c are transferred from the 
horizontal -horizontal transfer register 1' to the 
horizontal -horizontal register m' as shown in Fig. 6G. 
Since the horizontal driving pulse signal 0h2 is at a 
high level at that time, signal charges of odd pixels of 
the sensor array c may also exist in the horizontal CCD 
transfer register h 1 in some cases. 

In addition, signal charges of even pixels of the 



sensor array c are transferred from the horizontal - 
horizontal transfer register k' to the horizontal CCD 
transfer register g". 

Then, by raising the horizontal driving pulse 
signal 4>h2 to a high level, signal charges of odd pixels 
of the sensor array b are transferred from the 
accumulation gate q' to the horizontal CCD transfer 
register f ' . 

Since a potential barrier exists due to the 
horizontal driving pulse signal 0hl reset at a low level, 
on the other hand, signal charges of even pixels of the 
sensor array b remain continuously in the accumulation 
gate q 1 . 

It should be noted that, by raising the horizontal 
driving pulse signal 0h2 to a high level at that time, 
signal charges of odd pixels of the sensor array a are 
transferred from the horizontal - horizontal transfer 
register j' to the horizontal CCD transfer register e'. 

In addition, signal charges of even pixels of the 
sensor array a are also transferred from the horizontal - 
horizontal transfer register j * to the horizontal CCD 
transfer register d' . 

Then, at a point of time t 9 , as shown in Fig. 6H, 
when the transfer pulse signal 0HH2 is changed to a high 
level, signal charges basically remain at the same 
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locations as shown in Fig. 6G. Since the horizontal - 
horizontal transfer registers are normally driven to an 
electric potential lower than the horizontal CCD transfer 
registers, however, signal charges of even pixels of the 
sensor array c flow from the horizontal CCD transfer 
register g' to the horizontal -horizontal transfer 
register 1 ' . 

Then, at a point of time t 10 , as shown in Fig. 61, 
when the transfer pulse signal 0HH1 is changed to a high 
level, signal charges basically remain at the same 
locations shown in Figs. 6G and 6H. In some cases, 
however, signal charges of odd pixels of the sensor array 
b flow from the horizontal CCD transfer register f' to 
the horizontal -horizontal transfer register k'. 

In addition, by making an electric potential at a 
portion on the sensor side in each of the horizontal CCD 
transfer registers shallow as described above, signal 
charges of odd pixels of the sensor array c can be 
prevented from flowing from the horizontal CCD transfer 
register g' to the horizontal -horizontal transfer 
register k 1 on the sensor side, even if the transfer 
pulse signal 0HH1 is at a high level at the point of time 
t 10 . It is thereby possible to prevent signal charges of 
odd pixels of the sensor array c from mixing with signal 
charges of odd pixels of the sensor array b. 



Then, at a point of time t llf when the horizontal 
driving pulse signal 0hl is set at a low level, the 
horizontal driving pulse signal 0h2 is set at a low level, 
the vertical driving pulse signal 0V1 is set at a low 
level, the vertical driving pulse signal 0V2 is set at a 
low level, the read-out pulse signal 0ROG is set at a low 
level, the accumulation pulse signal 0CHG is set at a low 
level and the transfer pulse signals 0HH1, 0HH2 and 0HH3 
are raised to a high level, signal charges of even pixels 
of the sensor array c are transferred from the horizontal 
CCD transfer register g' to the horizontal -horizontal 
register 1 ' . 

It should be noted that signal charges of odd 
pixels of the sensor array c left in the horizontal CCD 
transfer register h', if any, are transferred to the 
horizontal -horizontal transfer register m' . 

In addition, signal charges of odd pixels of the 
sensor array b are also transferred from the horizontal 
CCD transfer register f' to the horizontal -horizontal 
transfer register k ' . 

It should be noted, that by setting the horizontal 
driving pulse signal 0h2 at a low level at that time, 
signal charges of odd pixels of the sensor array a are 
transferred from the horizontal CCD transfer register e' 
back to the horizontal -horizontal transfer register j ' . 
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In addition, signal charges of even pixels of the 
sensor array a are also transferred from the horizontal 
CCD transfer register d* back to the horizontal - 
horizontal transfer register j ' . 

Then, at a point of time t 12 , when the horizontal 
driving pulse signal 0hl is raised to a high level, the 
horizontal driving pulse signal 0h2 is set at a low level, 
the vertical driving pulse signal 0V1 is set at a low 
level, the vertical driving pulse signal 0V2 is set at a 
low level, the read-out pulse signal 0 ROG is set at a low 
level, the accumulation pulse signal 0 CHG is raised to a 
high level and the transfer pulse signals 0HH1, 0HH2 and 
0HH3 are set at a low level, signal charges of odd pixels 
of the sensor array c are transferred from the 
horizontal -horizontal transfer register m' to the 
horizontal CCD transfer register i' and signal charges of 
even pixels of the sensor array c are transferred from 
the horizontal -horizontal register l 1 to the horizontal 
CCD transfer register h' as shown in Fig. 6K. 

In addition, signal charges of odd pixels of the 
sensor array b are also transferred from the horizontal - 
horizontal transfer register k' to the horizontal CCD 
transfer register g'. 

Furthermore, since the horizontal driving pulse 
signal 0hl is at a high level, signal charges of even 
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pixels of the sensor array b are transferred from the 
accumulation gate q' to the horizontal CCD transfer 
register f ' . 

It should be noted that by raising the horizontal 
driving pulse signal 0hl to a high level, signal charges 
of odd pixels of the sensor array a are transferred from 
the horizontal -horizontal transfer register j ' to the 
horizontal CCD transfer register d'. 

In addition, signal charges of even pixels of the 
sensor array a are also transferred from the horizontal - 
horizontal transfer register j • to the horizontal CCD 
transfer register e'. 

Then, at a point of time t 13 , when the accumulation 
pulse signal 4> CHG is changed to a low level, signal 
charges left in accumulation gate q' such as signal 
charges of even pixels of the sensor array b are 
transferred to the horizontal CCD transfer register f as 
shown in Fig. 6L. 

At that time, signal charges left in accumulation 
gate p" such as signal charges of even pixels of the 
sensor array a are transferred to the horizontal CCD 
transfer register e* as well. 

Thus, signal charges of pixels of the sensor arrays 
b and c are split into signal charges of even pixels and 
signal charges of odd pixels which are each transferred 
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to the horizontal CCD transfer registers f, g', h' and 
i ' - 

In this state, by sequentially applying the 
horizontal driving pulse signals 0hl and 0h2 to the 
horizontal CCD transfer registers f*, g', h* and i', the 
signal charges can be transferred in the horizontal 
direction . 

In addition, signal charges of pixels of the sensor 
array a are split into signal charges of even pixels and 
signal charges of odd pixels which are each transferred 
to the horizontal CCD transfer registers d' and e'. In 
this state, by sequentially applying the horizontal 
driving pulse signals 0hl and 0h2 to the horizontal CCD 
transfer registers d' and e', the signal charges can be 
transferred in the horizontal direction. 

In such transfers, signal charges of pixels of the 
sensor arrays a, b and c are split into signal charges of 
even pixels and signal charges of odd pixels which can 
then be output without generating differences in time 
between sensor arrays. 

Since the sensor arrays a, b and c are laid out 
adjacently to each other, a spatial deviation in 
operation to read signal charges can be reduced 
considerably, so that color difference and the like can 
be eliminated without the need to provide a memory or a 



correction circuit at a stage after a conversion unit for 
converting an electric charge into a voltage. 

The embodiments described above each have a 
configuration including an electrode of a read-out gate 
and an electrode of an accumulation gate. It should be 
noted, however, that it is also possible to provide a 
gate electrode common to both a read-out gate and an 
accumulation gate. Such a configuration is described as 
follows . 

As shown in Fig. 8A, a portion 41 serving as a 
read-out gate on the surface of a semiconductor unit and 
a portion 42 serving as an accumulation gate are provided 
at impurity concentrations n- and n+ which are different 
from each other to give a configuration wherein the 
electric potential at the accumulation gate 42 side is 
low as shown in Fig. 8B . Built on these areas 41 and 42, 
a common electrode 43 is driven by a driving pulse signal 
0RCG. 

In such a configuration, signal charges of sensors 
4 0 of the sensor array can be read out and stored in the 
accumulation gate 42 at the same time to be allocated to 
a plurality of horizontal CCD transfer registers as is 
the case with the configuration wherein gate electrodes 
are provided separately for the read-out gate 41 and the 
accumulation gate 42. 
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By providing a configuration wherein the read-out 
gate 41 and an accumulation gate 42 share a common 
electrode 43 as described above, the number of electrodes 
can be reduced and the manufacturing process can thus be 
made simpler. 

In addition, even if the gate electrode 43 is thick, 
the total width of the read-out gate 41 and the 
accumulation gate 42 can be made small in comparison with 
a configuration wherein gate electrodes are provided 
separately for the read-out gate 41 and the accumulation 
gate 42. By making the gate electrode 43 thick, the 
resistance of the gate electrode 43 can be reduced. In 
addition, a thick gate electrode 43 also offers a merit 
that the gate electrode 43 and a contact between the gate 
electrode 43 and a wiring layer on the electrode 43 can 
be formed with ease. Another merit is that, by reducing 
the total electrode width, the gap between two adjacent 
sensors can also be decreased as well. 

When only one sensor array is associated with the 
accumulation gate 42, only one driving timing is required 
by the accumulation gate 42 to read out signal charges. 
Thus, the accumulation gate 42 and the read-out gate 41 
can be configured to share a common gate electrode 43 as 
described above. 

Thus, the accumulation gate 42 and the read-out 
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gate 41 sharing a common gate electrode 43 can be applied 
to the uppermost sensor array a in the configurations 
shown in Figs. 1, 3, 4 and 5. 

According to the embodiments of the present 
invention, signal charges of sensors are transferred to 
an accumulation gate at the same time, so that variations 
in accumulation period from sensor to sensor can be 
eliminated. As a result, spatial and time deviations in 
signal - charge fetching and differences in sensitivity 
caused by differences in read-out timing are basically 
eliminated . 

Accordingly, a good signal output can be obtained 
in the solid-state image-pickup device and signal charges 
can be transferred at a high speed by allocating the 
signal charges to a plurality of transfer registers. 

The embodiments described above each implement a 
linear sensor provided by the present invention. It 
should be noted that the present invention can also be 
applied to an area sensor wherein sensors are laid out to 
form a matrix. 

In the case of an area sensor, a series of sensors 
along a horizontal line in the 2 - dimensional sensor 
matrix is regarded as a sensor array. 

In the configuration of an area sensor, typically, 
each sensor array includes a vertical transfer register 
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to which signal charges read out from sensors are 
transferred. The signal charges are further transferred 
to a plurality of horizontal transfer registers through 
which the signal charge is forwarded to be finally output. 
The configuration also includes an accumulation gate 
provided between the vertical transfer register and the 
horizontal transfer registers. 

The accumulation gate distributes signal charges 
among the horizontal transfer registers. 

Thus, signal charges are transferred also at a high 
speed in the area sensor. 

It should be noted that the solid-state image- 
pickup device and the method to drive the device are not 
limited to the embodiments described above. It is 
possible to provide a variety of configurations in a 
range not deviating from the essentials of the present 
invention . 

According to the present invention, by transferring 
signal charges from sensors to an accumulation gate at 
the same time, spatial and time deviations in electric - 
charge fetching and differences in sensitivity caused by 
differences in read-out timing can be basically 
eliminated . 

As a result, a good signal output can be obtained 
in the solid-state image-pickup device and signal charges 
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can be transferred at a high speed by allocating the 
signal charges to a plurality of transfer registers. 

While the preferred embodiments have been described 
using specific terms, such description is for 
illustrative purposes only, and it is to be understood 
that changes and variations may be made without departing 
from the spirit or scope of the following claims. 



WHAT IS CLAIMED IS: 

1. A solid-state image-pickup device having: 

a sensor array comprising a plurality of sensors; 

and 

a plurality of transfer registers for transferring 
signal charges from said sensors of said sensor array, 

wherein an accumulation gate for reading out signal 
charges from said sensors at the same time, accumulating 
said signal charges and allocating said signal charges to 
said transfer registers is provided between said sensor 
array and said transfer registers. 

2. A solid-state image-pickup device according to 
claim 1, further comprising a read-out gate provided 
between said array of sensors and said accumulation gate. 

3. A solid-state image-pickup device according to 
claim 1, wherein said accumulation gate sets a difference 
in electric potential oriented in a transfer direction. 

4. A solid-state image-pickup device according to 
claim 1 wherein signal charges of said sensors are 
accumulated in said accumulation gate to be allocated in 
units of electrical charge each originated by one of said 
sensors . 

5. A solid-state image-pickup device according to 
claim 1 wherein signal charges of said sensors are 
allocated to said transfer registers for each odd sensor 
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and each even sensor of said sensor array. 

6. A method of driving a solid-state image-pickup 
device having: 

a sensor array comprising a plurality of sensors; 

a plurality of transfer registers for transferring 
signal charges from said sensors of said sensor array; 
and 

an accumulation gate provided between said sensor 
array and said transfer registers, 

said method comprising the steps of: 

reading out signal charges from said sensors to 
said accumulation gate at the same time; 

allocating said signal charges of said sensors from 
said accumulation gate to said transfer registers; and 

driving said transfer registers to output said 
signal charges. 

7. A method of driving a solid-state image-pickup 
device according to claim 6 whereby said transfer 
registers are driven at the same time. 

8. A method of driving a solid-state image -pickup 
device according to claim 6 whereby signal charges of 
said sensors are allocated to said transfer registers for 
each odd sensor and each even sensor of said sensor array. 
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ABSTRACT OF THE INVENTION 
Disclosed are a solid-state image-pickup device and 
a driving method thereof, more particularly, the present 
invention relates to a solid-state image-pickup device 
comprising a sensor array comprising a plurality of 
sensors; and a plurality of transfer registers for 
transferring signal charges from said sensors of said 
sensor array, wherein an accumulation gate for reading 
out signal charges from said sensors at the same time, 
accumulating said signal charges and allocating said 
signal charges to said transfer registers is provided 
between said sensor array and said transfer registers. 

As a result, it is possible to provide a solid- 
state image -pickup device capable of producing a good 
signal output by eliminating variations in sensitivity 
from sensor to sensor and a deviation in signal - charge 
fetching between sensors and to provide a method of 
driving the solid-state image-pickup device. 
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the United States of America more than one year prior to this application, and I believe that the invention has not been 
patented or made the subject of an inventor's certificate issued before the date of this application in any country 
foreign to the United States of America on an application filed by me or my legal representatives or assigns more than 
twelve months prior to this application, and that no application for patent or inventor's certificate on this invention has 
been filed in any country foreign to the United States of America prior to this application by me or my legal 
representatives or assigns, except as identified below: 

I hereby claim foreign priority benefits under Title 35, United States Code, 1 19 of any foreign application^) 
for patent or inventor's certificate listed below 
Prior Foreign Applications) 

Number Country Date 

P10-337764 Japan November 27, 1998 

and have also identified below any foreign application for patent or inventor's certificate having a filing date before 
that of the above listed application on which priority is claimed: 
Prior Foreign Application^) 

Number Country Date 



(b) Under this section, information is material to patentability when it is not cumulative to information already of record or being 
made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable under the 
preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with the 
specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of 
patentability. 



If no priority is claimed, I have identified all foreign patent applications filed prior to this application: 
Prior Foreign Applications) 

Number Country Date 



And I hereby appoint Messrs. John D. Simpson (Registration No. 19,842) Dennis A. Gross (24,410), 
Robert M. Barrett, (30,142), StevenH. Noll (28,982), Kevin W. Guynn (29,927), Robert M. Ward (26,517), Brett 
A. Valiquet (27,841), Edward A. Lehman (22,312), David R. Metzger (32,919),Todd S. Parkhurst (26,494), James 
D. Hobart (24,149), Melvin A. Robinson (31,870), John R. Garrett (27,888), Joseph P. Reagen (35,332), Michael R. 
Hull (35.902), Michael S. Leonard (37,557), William E. Vaughan (39,056) and , Lewis T. Steadman (17,074),all 
members of the firm of Hill & Simpson, A Professional Corporation 

Telephone: 312/876-0200 Ext. 3491 
my attorneys with full power of substitution and revocation, to prosecute this application and to transact all business in 
the Patent and Trademark Office connected therewith and direct that all correspondence be forwarded to: 

Hill & Simpson 
A Professional Corporation 
85th Floor Sears Tower, Chicago, Illinois 60606 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 

Full name of sole or first invento r SATOSHI YOSHfflARA 



Inventor's signature Date. 

Residence Kanagawa. Japan 

Citizenship Japan 

Post Office Address c/o Sony Corporation. 7-35 Kitashinagawa 6-chome. 

Shinagawa-ku. Tokyo Japan 

Full name of second joint inventor, 

(if any) 

Inventor's signature Date. 

Residence 

Citizenship 

Post Office Address 



Full name of third joint inventor, 

(if any) 

Inventor's signature Date. 

Residence 

Citizenship 

Post Office Address 



